Eur Radiol (2016) 26:1631-1639
DOI 10.1007/500330-015-3971-1

@ CrossMark

INTERVENTIONAL

Percutaneous osteosynthesis in the pelvis in cancer patients

Frederic Deschampsl’2 « Thierry de Baere'” - Antoine Hakime' - Ernesto Pearson’ -
Geoffroy Farouil' - Christophe Teriitehau' - Lambros Tselikas '

Received: 8 January 2015 /Revised: 30 July 2015 / Accepted: 6 August 2015 /Published online: 30 August 2015

© European Society of Radiology 2015

Abstract

Purpose Screw fixation (osteosynthesis) can be performed
percutaneously by interventional radiologists. We report our
experience in cancer patients.

Material/methods We retrospectively reviewed all cases of
percutaneous osteosynthesis (PO) of the pelvic ring and prox-
imal femur performed in our hospital. PO were performed for
fracture palliation or for osteolytic metastases consolidation.
Screws were inserted under CT- or cone-beam CT- guidance
and general anaesthesia. Patients were followed-up with
pelvic-CT and medical consultation at 1 month, then every
3 months. For fractures, the goal was pain palliation and for
osteolytic metastases, pathologic fracture prevention.

Results Between February 2010 and August 2014, 64 cancer
patients were treated with PO. Twenty-one patients had PO
alone for 33 painful fractures (13 bone-insufficiency, 20 path-
ologic fractures). The pain was significantly improved at
1 month (VAS score=20/100 vs. 80/100). In addition, 43 can-
cer patients were preventively consolidated using PO plus
cementoplasty for 45 impending pathologic fractures (10 iliac
crests, 35 proximal femurs). For the iliac crests, no fracture
occurred (median-FU=75 days). For the proximal femurs, 2
pathological fractures occurred (fracture rate=5.7 %, median-
FU=205 days).

Conclusion PO is a new tool in the therapeutic arsenal of
interventional radiologists for bone pain management.
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Key Points

» Screw fixation (osteosynthesis) can be performed percuta-
neously by interventional radiologists.

* CT- or CBCT-guidance results in high technical success
rates for screw placement.

* This minimally invasive technique avoids extensive surgical
exposure in bone cancer patients.

* Osteosynthesis provides pain relief for bone-insufficiency
fractures and for pathologic fractures.

 Osteosynthesis plus cementoplasty provide prophylactic
consolidation of impending pathological fractures.

Keywords Bone screws - Osteosynthesis - Fracture fixation -
Femur - Pelvis - Screw fixation

Introduction

Metastatic bone disease is very common in cancer patients and
can cause a pathologic fracture, giving rise to significant pain
and loss of function. Prophylactic stabilization before a frac-
ture occurs is an issue of utmost importance. In addition, frac-
tures can occur in cancer patients because of bone insufficien-
cy, which may be primary (osteoporosis) or secondary to treat-
ments (steroids, radiation of pelvic malignancies, thermal ab-
lation, etc.).

Percutaneous osteosynthesis (PO) is a new technique for
interventional radiologists. It consists of inserting screws into
bone structures through a minimal skin incision (less than
10 mm). Osteosynthesis was initially developed by orthopae-
dic surgeons to stabilize non-displaced bone fractures during
open surgery [1—4]. The technique can now be performed
percutaneously by interventional radiologists due to the devel-
opment of cannulated screws that can be inserted coa xially
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over a stiff metallic wire needle, and thanks to the level of
accuracy that is possible with computed tomography (CT)
guidance or cone beam CT (CBCT) guidance [5-9].

PO is used both palliatively in patients suffering from
fractures and as a prophylactic consolidation in patients
with an impending pathologic fracture due to osteolytic
metastases.

We report our experience of PO of the pelvic ring and of the
proximal femur in cancer patients.

Material and methods

We retrospectively reviewed all the PO procedures performed
in cancer patients for palliation of a fracture or for preventive
consolidation of the pelvic ring or of the proximal femur. All
patient files were discussed at a multidisciplinary pain meeting
before the procedure and the institutional review boards ap-
proved this study.

The procedures were entirely performed by interven-
tional radiologists, either under CT guidance
(LightSpeed, GE Medical Systems, Milwaukee, Wis) or
in an Angio Suite equipped with CBCT guidance
(Innova 4100IQ, GE Healthcare, Chalfont St Giles, UK).
All the procedures were performed under general anaes-
thesia. The interventional radiologist first drilled a
Kirschner wire across the fracture site/tumour under CT
fluoroscopy guidance or under CBCT guidance using
dedicated guidance software (TrackVision, GE
Healthcare, Chalfont St Giles, UK). Then, a three-
dimensional (3D) image of the pelvis was obtained via
CT or CBCT to assess the proper direction of the
Kirschner wire and to measure the appropriate length of
the screw to be inserted. Ideally, the screw should be long
enough to reach the distal sub-chrondral bone and must
enter a strong cortical bone. The 8-mm cannulated self-
drilling, tapping screw (Asnis III cannulated screws;
Stryker, Montreux, Switzerland) was placed over the
Kirschner wire and slid down to the cortical bone using
a cannulated screw driver (Fig. 1). Once proper position-
ing of the screw was confirmed by a new 3D acquisition,
the Kirschner wire was withdrawn and the skin entry
point was sutured.

Palliation of fractures

For bone insufficiency or pathologic fractures, the goal of PO
was to achieve fracture stabilization that would result in pain
palliation. For this purpose we performed osteosynthesis with-
out cement injection. The decision to perform PO for pelvis
fractures was based on the visual analog scale (VAS) score,
that must be at least 50/100, and on a pre-op CT. Typically,
fractures that can be fixed using PO are located in the sacrum,
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the iliac crest, the acetabulum roof, the pubic ramus and the
proximal femur (Fig. 2). Ideally, the fracture should be non-
displaced because it is impossible to anatomically reduce frac-
ture fragments percutaneously.

Technically, the screws should be inserted perpendicularly
to the fracture and across the fracture. We did not perform
cementoplasty for fracture stabilization because the mechani-
cal property of the cement is not appropriate for the stabiliza-
tion of locations submitted to torsion forces [10] and because
there is a risk of cement leakage through the fracture line.
Actually, this leakage can be relevant if it occurred in the
adjacent joint or could result in stopping the injection
prematurely.

In the case of sacral fractures [5, 6], two screws were ad-
vanced over the ilio-sacral joint. If the fracture was unilateral,
the two screws were inserted ipsilaterally into the first and
second sacral vertebral bodies, respectively. If the fracture
was bilateral, the two screws were inserted into the first sacral
vertebral body: one from the left side and one from the right
side (Figs. 2 and 3).

For fractures located in the iliac crest [7] or in the acetab-
ulum roof [8, 11], one screw was inserted perpendicular to the
plane of the fracture line to be fixed and, therefore, depended
on the site of the fracture (Fig. 2).

For a pubic ramus fracture, fixation consists of inserting a
retrograde screw into the distal medial fragment of the supe-
rior ramus [1-3, 12] (Figs. 2 and 3).

For a femoral fracture, an inverted triangle configuration
for screw placement was considered optimal for stabilization
[4, 13, 14]. Thus, three screws were inserted parallel to the
femoral neck axis. The first screw was inserted along the in-
ferior cortex of the femoral neck. The other two were placed
against the superior cortex of the femoral neck—one posteri-
orly and the other anteriorly (Fig. 2).

Consolidation of an impending pathologic fracture

For patients with osteolytic metastasis in the pelvis, the goals
of the procedure were to prevent a pathologic fracture and to
decrease the pain, if present. In order to do so, we performed
PO plus cementoplasty. The decision to perform PO plus
cementoplasty instead of cementoplasty alone was based on
the fact that the strengthening properties of the cement are
strong in the case of compression but weak for tensile or shear
stresses [10, 15]. Technically, we inserted the screws across
the osteolytic metastases first and then injected the cement
into the osteolytic metastases thanks to a dedicated
cementoplasty needle that is inserted in parallel through the
same screw path. We started the injection close to the tips of
the screws for good screw anchorage and continued the injec-
tion while removing the needle. We always tried to fill the
entire osteolytic metastases. Typically, the impending
osteolytic metastases that can be consolidated using PO plus
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Fig. 1 The cannulated screw
(black arrows) is advanced over a
Kirschner wire (white arrows)
thanks to a cannulated
screwdriver (black arrow heads)
through a small skin incision

|

-
= QALY

»

cementoplasty was located in the proximal femur and in the  score [16]. According to Mirel’s recommendation (Table 1),
iliac crest (Fig. 4). there is a high risk of a pathologic fracture when the overall

For osteolytic metastases of the proximal femur, the decision ~ lesion score is 8 or greater. In patients who were not candidates
to perform prophylactic consolidation was based on Mirel’s  for standard surgical stabilization (refusal, poor performance

Fig. 2 Diagram showing screw i Percutaneous osteosynthesis for palliation
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Fig.3 Percutaneous osteosynthesis for palliation of an osteoporotic fracture of the pubic ramus (white arrow head) and of a unilateral vertical fracture of
the sacrum (white arrow) in a female patient suffering from cervical uterine cancer. The VAS score decreased from 8 to 0 at 1 month

status or on-going chemotherapy) despite a Mirel score of 8 or
greater, we performed osteosynthesis plus cementoplasty of the
proximal femur. Technically, we inserted three screws in an
inverted triangle configuration into the femoral neck (as previ-
ously described) and we then injected the cement (Opacity+,
Technimed, ViC en Bigorre, France) through an 8-gauge

Fig. 4 Diagram showing screws
and cement positioning according
to the impending pathologic
fracture
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bevelled needle (Transpedicular Introducer, Laurane,
Westbrook, USA) into the osteolytic metastases and around
the three screws (Figs. 4 and 6). The first twelve prophylactic
consolidations of osteolytic metastases of the proximal femur
have been previously reported [17]. This prior article dealt with
development and feasibility of the technique whereas, in this

Percutaneous osteosynthesis + cementoplasty for prophylactic
consolidation of osteolytic metastases
"

s
a
1

- lliac crest
- Proximal femur
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Table 1 Mirel’s scoring system

[16] Score 2 3
Pain (visual analog scale) <4 5-7 >8
Lesion type Blastic Mixed Lytic
Lesion size <15 of cortex 15 - 215 of cortex > 2/; of cortex

Lesion site

Upper limb

Lower limb Trochanteric region

manuscript, we report on the long term outcome in a larger
population.

For osteolytic metastases in the iliac crest, the decision to
perform prophylactic consolidation was based on the multi-
disciplinary meeting evaluation. Actually, there is no validated
score to predict the risk of fracture of the iliac crest. In our
current practice, we consider that there is a high risk of a
pathologic fracture when the metastasis diameter exceeds
40 mm and if there is cortical disruption, especially in the
greater sciatic notch. We inserted two screws through the long
axis of the iliac crest using a posterior approach to treat these
metastases. The path was from the posterior iliac crest to the
upper edge of the acetabulum. We then used an 8-gauge
bevelled needle (as above) to inject the cement (as above).
This needle was inserted in parallel via the same screw path
(Figs. 4 and 5).

Follow-up and data analysis

All patients were followed up with a pelvic CT and a
medical consultation with an interventional radiologist at
1 month and then every 3 months with a medical oncol-
ogist. For painful fractures, the primary endpoints were
pain palliation and no fracture displacement. For
impending pathologic fractures, the primary endpoints
were pain palliation (if present), and no pathologic frac-
ture during the follow-up. To analyze pain palliation, we
used the VAS score to compare pain before the procedure
and 1 month after. To analyze the occurrence of fracture
displacement despite screw fixation and to report the oc-
currence of a fracture despite preventive consolidation
with osteosynthesis plus cementoplasty, we analyzed all
the imaging exams performed after the procedure. We also

" FI s
Fig. 5 Impending pathologic fracture of the pelvis secondary to a large osteolytic metastasis of the iliac crest (4) consolidated by percutaneous
osteosynthesis (B and B2) plus cementoplasty (C/ and C2). To date, no fracture has occurred (9 months of follow-up)
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report on the duration of the procedure and of the hospital
stay. The duration of the procedure comprised the time
between the initial 3D acquisition and suture of the entry
point(s). We report the length of the screws inserted ac-
cording to the location, the amount of cement injected and
the rate of osteolytic metastasis of the proximal femur
associated with cortical disruption. Actually, some authors
state that the best prognostic factor for a pathologic frac-
ture of the proximal femur is not Mirel’s score, but the
existence of cortical disruption measuring 30 mm or more
[15, 18]. Finally, we report on procedure-related compli-
cations, the rate of screw misplacement (not crossing the
fracture, entering the joint surface, etc.) and cement leak-
age. Figure 6

Results
Painful fractures

From June 2010 to August 2014, 21 cancer patients (3 males
and 18 females, mean age 58.6+£8.8 years old [range 28.8 to

75.5 y-o0] were treated with PO for 33 fractures in 24 proce-
dures. Patients had pelvic primary cancer (rectum n=3, uterine
cervix n=3, prostate n=2, ovarian n=1), breast cancer (n=5),
lung cancer (n=2) or a variety of other primary cancers (n=5).
The fractures were bone-insufficiency fractures in 13 cases
and pathologic fractures in 20 cases. They were located in
the sacrum (n=16, including 5 bilateral), the iliac crest or
acetabulum roof (n=9), the pubic ramus (n=7) and the prox-
imal femur (n=1). The mean duration of the procedure was 70
+15 minutes [range 30 to 140 minutes] and the mean hospital
stay was 2 days [range 1 to 6 days] (Table 2). The average
length of the screws inserted was: 85 mm [range 50 to
120 mm)] for a sacral fracture, 95 mm [range 65 to 130 mm]
for an iliac crest or acetabulum roof fracture, 80 mm [range 60
to 110 mm] for a pubic ramus fracture and 90 mm [range 85 to
95 mm] for a proximal femur fracture. The pain was signifi-
cantly improved at 1 month (VAS score=20/100 vs. 80/100).
No difference was found between the improvement in osteo-
porotic (VAS score=15/100 vs. 75/100) and pathologic frac-
tures (VAS score=25/100 vs. 80/100). No fracture displace-
ment occurred at CT after a median follow-up of 189 days
[range 31 to 1472 days].

Fig. 6 Impending pathologic fracture of the proximal femur secondary to an osteolytic metastasis of the femoral neck (white arrow) consolidated by PO

plus cementoplasty. To date, no fracture has occurred (2 years of follow-up)

@ Springer
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Table 2 Painful fractures
n Mean duration Mean hospital stay Mean follow-up Mean VAS score/100 Fracture
(min) (days) (days) displacement
Before D+30

All fractures (in 21 patients) 33 70 2 189 80 20 0
Fractures:

- Osteoporotic 13 75 2 443 75 10 0

- Pathologic 20 70 94 80 25 0
Locations:

- Sacrum 16 80 2 426 70 35 0

- Iliac crest/ acetabulum roof 9 60 1 100 80 20 0

- Pubic ramus 7 70 1 350 70 35 0

- Proximal femur 1 70 2 246 90 0 0

Consolidation of impending pathologic fractures

From February 2010 to August 2014, 43 cancer patients (18
males and 25 females, mean age 61.1+8.7 years old [range
28.4 to 83.7 y-o] were preventively treated with PO plus
cementoplasty for 45 impending pathologic fractures in 43
procedures. All patients had bone metastases, mainly from
breast (n=12) and lung cancers (n=9) but also from thyroid
(n=2), kidney (n=2) and variety of other primary cancers (n=
18). The impending pathologic fractures were located in the
iliac crest (n=10) and the proximal femur (n=35) (Table 3).

For the iliac crest (n=10), the mean maximum diameter of
the osteolytic metastases was 7 cm [range 5 to 9 cm] and 80 %
(n=8) had caused cortical disruption. Two screws were
inserted for each treatment, each screw measuring an average
length of 120 mm [range 105 to 130 mm]. The mean amount
of cement injected was 12 ml [range 4 to 20 ml]. The mean
duration of the procedure was 90 minutes [range 60 to 150 mi-
nutes] and the mean hospital stay was 1.3 day [range 1 to
2 days]. For painful impending pathologic fractures of the iliac
crest (n=8), osteosynthesis plus cementoplasty resulted in a
significant decrease in the VAS score from 80/100 before
osteosynthesis to 26/100 1 month after osteosynthesis. No
fracture occurred over a mean follow-up of 75 days [range
30 to 383 days].

For proximal femur metastases (n=35), the mean Mirel
score was 10.1 [range 8 to 12].

Twenty-one osteolytic metastases (60 %) were associated
with cortical disruption, including 15 with a 30-mm rupture.
Three screws were inserted for each treatment, each measur-
ing an average length of 105 mm [range 85 to 130 mm)]. The
mean amount of cement injected was 6 ml [range 3 to 10 ml].
The mean duration of the procedure was 110 minutes [range
60 to 180 minutes] and the mean hospital stay was 3.1 days
[range 1 to 8 days]. For painful impending pathologic frac-
tures of the proximal femur (n=26), osteosynthesis plus
cementoplasty resulted in a significant decrease in the VAS
score (10 vs. 70) at 1 month. After a mean follow-up of
205 days [range 24 to 1633 days], two pathological fractures
occurred and both required open surgery for stabilization
(fracture rate=5.7 %). The first fracture occurred 3 weeks after
the procedure. In this patient, the risk of fracture was very
high: the Mirel score was 12 and cortical disruption was
50 mm long. In addition, the three screws entered a smooth—
surfaced cortical bone. In the second patient, the fracture oc-
curred 7 months after the procedure after fall injury. At this
point in time, 22 patients have died (mean follow-up of
126 days) without any femoral fracture.

Complications
Four haematomas occurred at the puncture site in four patients

and a red blood cell transfusion was required in two patients.
Pain associated with haematomas resolved in less than 10 days.

Table 3  Impending pathologic fractures
n Mean duration Mean hospital stay Mean follow-up Mean VAS score/100* Fracture
(min) (days) (days) occurrence
Before D+30
Locations:
- Iliac crest 10 90 1.3 75 80 26 0
- Proximal femur 35 110 3.1 205 70 10 2 (5.7 %)

 Only painful locations were considered (iliac crest, n=8; proximal femur, n=26)
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A haematoma was responsible for a prolonged hospital stay for
2 days in one patient. No infection or procedure-related
thrombo-embolic complications occurred during the follow-
up. No screw misplacement was depicted at 1 month on CT
but 9 (20 %) cement leakages occurred (in soft tissue only)
without any symptoms.

Discussion

Pelvic fractures, particularly hip fractures, are a major source
of morbidity and mortality in cancer patients. The fractures are
secondary to decreased bone strength due to either osteolytic
metastasis or osteoporosis which can be promoted by treat-
ments (steroids, radiation of pelvic malignancies, thermal ab-
lation, etc.). In a retrospective analysis, Schmeler et al. [19]
reported that pelvic fractures were detected in approximately
10 % of women after definitive radiotherapy (RT) for cervical
cancer. They also demonstrated that the median time from the
completion of RT to the detection of fractures on imaging
studies was 14.1 months and that fractures were more fre-
quently associated with a lower body mass index (BMI).
Similarly, Uezono et al. [20] reported that the 2- and 5-year
cumulative incidence of overall pelvic insufficiency fractures
were 32 % and 63 %, respectively, after definitive RT for
uterine cancer. They also reported that the median interval
between the first day of RT and the detection of the fracture
was 14 months and that the distribution of the fractures was as
follows: the lumbar spinal vertebrae (28 %), the sacrum
(32 %), the pubic ramus (26 %), iliac crest (6 %), and femoral
head (4 %). This distribution is consistent with the irradiated
field that is currently used to deliver RT for uterine cervical
cancer and would be different after RT delivered to other
locations in the pelvis.

In most cases the fracture is transiently painful and
pain resolves after a short rest period. However, in some
patients, the pain persists because the fracture has not
healed. Typically, the pain improves during rest periods
and significantly worsens upon movement. In these cases,
fracture fixation is required. Surgery is the standard of
care for fracture stabilization, especially if an anatomic
reduction is required. However several authors have de-
scribed that PO is a very effective alternative for stabiliz-
ing non-displaced pelvic fractures directly while avoiding
the complications and extensive exposure of open surgery
[3, 12]. Moreover, due to the accuracy provided by CT
and C-arm guidance, the rate of screw malpositioning is
extremely low [5, 6, 21, 22]. In this study, we performed
stabilization of the fracture line using osteosynthesis with-
out cementoplasty. However, we believe that a small
amount of cement could be injected around the tip of
the screw in order to avoid any backward dislodgement,
especially in bone-insufficiency patients.
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A pathologic fracture is a significant risk for patients
afflicted with osteolytic metastases. However, little is known
about the natural behaviour of impending pathologic fractures
without preventive consolidation, especially in the case of
osteolytic metastases located in the iliac crest. In our clinical
practice, we consider that the risk is high enough to justify
preventive consolidation when the diameter of the metastasis
exceeds 4 cm, especially if cortical disruption is associated.
However, to our knowledge, no data exist in the literature to
support our criteria. More data have been published
concerning the risk of fracture due to osteolytic metastases
located in the proximal femur. According to Mirel’s recom-
mendation (Table 1), prophylactic fixation is highly indicated
when the overall lesion score is 8 or greater [16]. This is why
we use this inclusion criterion. The estimated risk of fracture
for a Mirel score of 8 is 15 % and is over 33 % for a Mirel
score of 9 or higher. Other authors state that the risk of fracture
is high (between 63 % and 86 %) [15, 18] when the osteolytic
metastasis is associated with 30-mm-wide or more cortical
disruption.

It is noteworthy that all the patients were discussed at a
multidisciplinary team meeting. Open surgery remains the
gold standard for prophylactic consolidation of impending
pathologic fractures, especially of the proximal femur.
However, deciding whether or not to perform open surgery
in cancer patients is difficult because the indication must take
into account the general status of the patient, the prognosis of
their cancer disease and ongoing chemotherapy.
Consequently, many patients are not candidates for surgery.
Furthermore, the risk incurred by surgery is sometimes too
high compared to the estimated risk of a fracture or to the
intensity of the pain. In these cases, less invasive procedures
are warranted. Cementoplasty was the first option. The injec-
tion of cement into the osteoporotic fracture or into the
osteolytic metastasis has demonstrated a huge benefit for pain
palliation [23-25]. However, cementoplasty has two major
drawbacks. The first one is that cement leakage could occur
in soft tissue or in the adjacent joint. This is particularly true
when cement is injected into a fracture or into an osteolytic
metastasis with cortical disruption. In contrast, the insertion of
a screw is completely predictable and controllable. In addi-
tion, the screw can be easily unscrewed if the position is not
correct at 3D imaging during the procedure [26]. The second
drawback of cementoplasty is that the strengthening proper-
ties of the cement are strong in cases of compression but weak
for tensile or shear stresses [10, 15]. This explains why
cementoplasty is only appropriate for the consolidation of
osteolytic metastases located in the vertebral body and in the
acetabulum. To our knowledge, no data in the literature sup-
port a benefit gained with cementoplasty for prophylactic con-
solidation of impending pathologic fractures located else-
where. Nevertheless, we strongly believe that cementoplasty
remains a good way to consolidate many osteolytic
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metastases, especially when there is no cortical rupture.
Actually, the decision to perform cementoplasty alone or in
association with PO is not established yet and prognostic
scores of a fracture’s risks are warranted.

In conclusion, PO provides pain palliation for pathologic
and bone-insufficiency fractures, as well as prophylactic con-
solidation of impending pathologic fractures due to osteolytic
metastases. The technique should be included in the therapeu-
tic arsenal as a minimally invasive procedure avoiding exten-
sive surgical exposure and providing consolidation that sig-
nificantly decreases the risk of fracture, with high technical
success rates and a low complication rate.
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